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Could spaceflight-associated immune
system weakening preclude the expansion
of human presence beyond Earth's orbit?
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ABSTRACT
This year, we celebrate the 40th hirtltday of the fwst
land isg of humans on the moon. 9y 2024- astronauts
should return to the lunar surface and establish an out-
post there that will provide atechnic al basis for future
manned mssion s to Mars- This paper summarizes ma-
jor ccn traints associated with a trp to Mars, presents
iii r iridogical hazards assoc iated with this type of
mission, and shawl that Lour cL	 tit understanding of
the im tic suppressi re effects of spaceflig ht is limited.
WN kening of the is 	 vie system associated with
spaceflight is therefore an area Hut should be considF
erect more thoroug Fly before we undertake prolonged
space vayages. J. L&LdT c. Bloc 439: 1027-1038=
2008-

Irnrobuc#1on
LL 1.961, Yuri { ^n klrr c clue fix human m IcaL Lhe ado-
Plus of Va iki. L iin- Lhen, rice 450 people hair u .Icd ilia
s{wce, but. so far, duly 24 251 v !M (Lkorw of dsr ASpollo mil
simis] hose =&qed In nil Lhr•. fix 400-AO km of Lksc Irra
Fanh orhiL, in which ikw magmeLie lieki. od die Fanh drlksas a
signif ra.ni fraction ,Lr radiauxKl. Bm aml. Lhe Van AILH1 mffLaL63n

l4br where ebargrxl pardclrs are mapped in Lhe. magnreir. Feld of
Lklr Farih. asLrormm air esprz d w solar and aaa k: radimim-

On fuly 20, 1901J. ^w..il. ArrnslrcKlg a L Fdwin AULrii became
Jae IirL humans m Land mi Lke maKV this wmmer, we cells
bma !. Lhe 40Lh binkidav of Lhb Unric L .111_ A 11" year ago.
President. few W. husk proposed a manned mum u* Lhe
mock_ wit.h Lhe moan w bmo mr. Lhe scaging pat. far IUXMI . I
minims m Mars I11. PresielruL Ram k U. 01K z's 3416 bLxL-
grr rrqum reLoased on Februar y 2ra 20119, c finned Lhu
N.tSA wil I slay m rn k m mmrL w Lhe moan by ?(!21}..4 mis-

,)btry tria'c A-r=sC-a3Pa hi o Lab titl ^ :P Ej-
=Mmh hUkrd 20 OWW EEA -Bu v 2m 4Wic^ Ets- E25
twiciba robim SIC FDEri-hi;= n m xc-rao4 M-s -tftrnzb^
UkFDg7{y' Z=Jl^i 2 LM- tau Sp a S=^. FKA
=00-psahan Ia i—AN, L	 .ay, PI N-pdflrapFmLds na d L
prtL Mr-rGaMm DxA2m spcdx 8S I -Spambb Leo Scka I

Sian Lo M— and I—L xiLl Lake. a minimum a530 days, L>r
which rarghLy 1 manLIL will. be  spemr on Lhe mardan surfarr,
aid Lhe rest rill be SKML in u iu Ax iu furrhm Lhr. crew
will. Iii same 30D million km away from home. {:onsaqurndy,
asVaeia wLiL1 hair m escereise an unprmedmLCd Ievo1 ed au-
mnomy and Lramwark 131- ]haring Lhe missimi, Lhey xiLl espr-
rimcr naL anl	 rcV lnicgrasiry bur also rui ens forms or sues,
such as o5nfieinmi., high "per. Ladms of perfarrna ., a L
risks ar equiprnenL failure or faL:d rn bhapsAbe eaminrn dis-
once and long u ml Lime u* ML rill also pmbdhly alders: Lhe
asa KIr 1u psychologically- 11ae crew wLiLl Lherefore endure iu
cLra I si—m levels, ruLiadon, u —i d— Lhc moon Liar M—i

has m3fmcdr. Bids or de nse ammphrres char could 2=ri Le
Lhem. a L micregraviry-indumA chwgce, each as UL adons in
brx1y fluid disrrtbudan, vfhich cauld influence Lich immwe
spsem. As graviLy has shapod she arehiuee uuc of all bialagLml
spsenu on our	 LL is rmscomble w abaen abcrradmi.s
LM m 211 runr.LiMLrLg of life in wcighsLessness_ A Iong-wrw
spaceflight will alsa pose a muldudc od heaJLIL rbks- naL only
Lhosc asscd2ir !. wiLIL sp, r ighr- such as loone dcmim ml.ix
dan. skeletal mu3de arraphy, and immune syxem wpprrsion
(FF- L], bia also from common dix LiLaL Might cause spr-
cife problems uvder Lhese urcLUnsuasoes. AnaLher risk may
be the dcse'loprnr•.nL ar pat iagrms in a dined cnviranMeRL.
where aLr, road, K	 . aid water arc recycled. CanfnrnscnL	 of
Lhe crew during H ighi e aid has resulLrd in Lhe uaessfer ar
microorlgwiisms among vcw members 14, 11- FralLy. specif c
hralLh risks m igtu also be eiL nwred an dsr hi= ar mar-
LIar1 surface. s+rh w tLuse or cbL	 icah Lhaii could irriore LILc
respinwiy =L for rsL:un pLe, or tarn  ri s erg-arlisms. Indeed,
3 cLLp ton the moan during Lhr. f ml Apa1Lo mission in 1972
WL wrronauL Eugene Grmarl weary aid 51Lhg with rrck eLvx

.4 i rip w Mars w iL1 entity muldpLy Lhe hararb of space
rn vel..

I IunwLS arc truly w arnepL gran risks w ga *'hero- na one
has WK1r before. buL do we hate suffrirru and suuid binlrgi-
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Leukocyte Subsets
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T cell Subsets
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CD8+ Differentiation State
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Activated T Cells
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T Cell Function: A+B
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T Cell Function: 3/28
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Urinary CMV DNA copies in 8 space shuttle crewmembers
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